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3.0 LANDFILL OFF-GAS CONTRO. APPLI CABILITY

This section describes the current technologies utilized for
LFG em ssion control. The control techniques include LFG gas
col l ection and disposal, LFGtreatnent for energy recovery, and
condensat e managenent. LFG control technol ogies are continually
i nprovi ng; however, the technol ogies described in this ETL are
wel | established and can be found in industrial applications.

3.1 LFEG COLLECTI ON

There are two gas col |l ection strategi es:- passive and
active. A passive systemfunctions on the principle that natural
pressure gradi ent and convecti on nmechani snms whi ch nove the LFG
Passi ve systens provide corridors to intercept |ateral gas
m gration and channel the gas to a collection point or a vent.
These systens use barriers to prevent mgration past the
interceptors and the perineter of the landfill. Active systens
move the LFG under induced negative pressure (vacuum. The zone
of negative pressure created by the applied vacuum i nduces a
pressure gradient towards a collection point which is either a
wel | or horizontal collector pipe.

Det ai |l ed di scussions of LFG collection system design can be
found in Chapter 4, Design Considerations.

3.1.1 Conparison of Various Gas Collection Systens

The efficiency of a passive collection system depends on
good contai nnent of the LFG to prevent direct em ssion to the
anbient air. Cenerally, passive collection systens have | ower
collection efficiencies than active systens, since they rely on
natural pressure or concentration gradients to drive gas flow
rat her than a stronger, mechanically-induced pressure gradient.
A wel | —desi gned passive system however, can be nearly
equivalent in collection efficiency to an active systemif the
landfill design includes synthetic liners in the landfill |iner
and cover.

Since a passive systens rely on venting, in the event that
the vent is blocked by noisture or frost, the gas seeks ot her
escape routes including noving into surrounding formations.

A- 46



ETL 1110-1-160
17 APR 95

Passi ve systens are not considered reliable enough to
provi de an excl usive neans of protection. Wth their concentrated
vent gas, passive systens may be considered as an uncontroll ed
air em ssions point source by regul atory agenci es.

I n addition, passive venting systens raise the potential for
nui sance odor problens because there is no positive systemfor
odor managenent .

The construction of passive systens is less critical than
active systens, because the collection well is under positive
pressure and air infiltration fromthe surface is not as great a
concern. Additionally, elaborate well head assenblies are not
required for passive systens since nonitoring and adjustnment are
not usually necessary in these systens.

Active systens are usually utilized where a higher degree of
systemreliability is required than can be acconplished with a
passi ve col |l ection system Based on theoretical evaluations, a
wel | -desi gned active collection systemis considered the nost
effective neans of gas collection(3). Table A-5 presents a
conparison of various gas collection systens.

3.2 LEG CONTROL TECHNOLOG ES

LFG can be either conbusted with no energy recovery;
conbusted with energy recovery or purified for introduction to an
off-site co-generation facility or rel ease to atnosphere w thout
treat ment.

The non-energy recovery techni ques use flares and therma
i ncinerators. The energy recovery techni ques include gas
turbi nes, internal conbustion engines, and boil er-to-steam
turbine systens, all of which generate electricity fromthe
conbustion of LFG Boilers may al so be used at the landfill site
or off-site to recover energy fromLFGin the formof steam
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TABLE A-5 COMPARISON OF VARIOUS COLLECTION SYSTEMS

Collection system
type

Preferred applications

Advantages

Disadvantages

Active vertical well
collection systems

Horizontal trench
collection systems

Passive collection
systems

Landfills employing cell-

by-cell landfiling methods

Landfills with natural
depressions such as
canyon

Landfills employing layer-

by-layer landfiling
methods

Landfills with good
containment (side liners
and cap)

Cheaper or equivalent in
costs when compared to

horizontal trench systems

Easy to install since
drilling is not required

Cheaper to install and
maintain if only a few
wells are required
Lower in operation &
maintenance cost

Difficult to install and
operate on the active
face of the landfill (may
have to replace wells
destroyed by heavy
operative equipment.

The bottom trench layer
has higher tendency to
collapse and difficult to
repair once it collapses

Has tendency to flood
easily if water table is
high

Difficult to maintain
uniform vacuum along
the length (or width) of
the landfill.

Must be installed while
the landfill is being
constructed; not
applicable for
constructed landfills.

Source: 3
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3.2.1 Non-Energy Recovery

3.2.1.1 Fl are

Flares are used at landfills as the main nethod of air
em ssion control and as a back-up to an energy recovery system
Flaring is an open conbustion process in which the 0, required
for conbustion is provided by either anbient air or forced air.
LFG is conveyed to the flare through the collection header and
transfer lines by one or nore blowers. A knock-out drumis
normal |y used to renove gas condensate. The LFGis usually
passed through a water seal before going to the flare. This
prevents possible flanme fl ashbacks whi ch occur when the gas fl ow
rate to the flare is too low and the flane front noves down into
t he st ack.

Two types of flare systens are generally avail abl e: open-
flame flare and enclosed flare. Each flare type has advant ages
and di sadvantages. Both types of flares have been used for LFG
treat ment.

Oven-Flane Flare. An open-flame flare or candle flare
represents the first generation of flares. The open-flanme flare
was mai nly used for safe disposal of conbustible gas when
em ssion control had not been a requirenent. Open-flane flares
have al so been widely used in LFG conbustion. Open-flame flare
desi gn and the conditions necessary to achi eve 98 percent
reduction of total hydrocarbon are described in 40 CFR 60. 18.

The advantages of open-flane flares are:

° si npl e design since conbustion control is not possible,
o ease of construction,
° nost cost-effective way of safely disposing of |landfill
gases, and
° open-flanme flares can be |ocated at ground | evel or
el evat ed.
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The maj or di sadvantage of all open-flanme flares are:

o do not have the flexibility to allow tenperature
control, air control, or sanpling of conbustion
products due to its basic design,

° not possible to design a closed-1oop systemto
accurately neasuring flow rates or em ssions from an
open-flame flare for the follow ng reasons: 1) Sanple
probes placed too close to the flane will measure high
C0, and hydrocarbon | evels; 2) Sanples taken further
away fromthe flanme are diluted unpredictably by air.

° if em ssions sanpling and testing are required, an
encl osed type flare will be needed.

Encl osed Flares. Enclosed flares differ fromopen flares in
that both LFG and air flows are controlled. Wile LFGis pushed
through the flame arrestor and burner tips by a blower, the flare
stack pulls or drafts the air through air danpers and around
burner tips. The stack acts as a chimey, so its height and
di aneter are critical in developing sufficient draft and
residence tinme for efficient operation. Enclosed flares are used
in LFG applications for two reasons:

o They provide a sinple neans of hiding all or parts of
the flame (i.e., neighbor friendly), and

° em ssion nonitoring may be mandatory.

A typical enclosed flare systemis shown in Figure A-4.

Dependi ng on air regulations in each state, enclosed fl ares
with an automatic air danper control may be required. Periodic

sanpling of these flares is conducted to ensure that an em ssion
reduction of 98 percent is being achieved.
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3.2.1.2 Thernmal Incineration

Thermal incineration processes use the basic operating
principle of a thermal incinerator: any organic chem cal heated
to a high enough tenperature in the presence of sufficient GO
will be oxidized to CO and water. The theoretical tenperature
required for thermal oxidation to occur depends on the structure
of the chem cal involved. Some chem cals are oxidized at
tenperatures much | ower than others. Were thermal incinerators
are used to control vent streans from LFG recovery systens,
auxiliary fuel is typically required.

Thermal incinerators are applicable as a control device for
any vent stream containing NMOCs. |In the case of LFG em ssion,
however, their use is primarily limted to control of vent
streans from CH, recovery systens.

3.2.2 Energy Recovery Systens

In large nmunicipal landfills, LFGis being devel oped as an
energy resource. Mlitary landfills, due to its size and waste
types, usually do not generate nethane gas in large quantity to
be economcally recovered. LFGin mlitary landfills is
therefore contained rather than recovered for energy use. Energy
recovery options, however, are briefly discussed for the reader
i nformation.

The foll ow ng four approaches have been adopted for
recovering energy fromLFG

° Use of LFG to fuel gas turbine;

o CGeneration of electricity by the operation of an
i nternal conbustion engine with LFG

° Use of LFG directly as a boiler fuel; and

° Upgrading the gas quality to pipeline quality for
delivery to utility distribution systens.

Typi cal LFG contains approxi mtely 500 Btu per standard
cubic foot (4,450 K cal/n?¥) of energy whereas pipeline-quality
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gas contains 1,000 Btu/scf (6,900 K cal/n?). The energy content
of LFG varies w dely dependi ng upon the performance of the gas
coll ection system and the stage of deconposition within the
landfill. GCenerally, the collection of gas for energy recovery
pur poses has been limted to large landfills with over 1 mllion
tons of solid waste in place.

3.2.2.1 Gas Tur bi nes

Process Description. Gas turbines aspire anbient air,
conpress it and conbine it with fuel in the conbustor. The
conmbust or exhaust streamflows to the power turbine which burns
the fuel to heat it, then expands it in the power turbine to
devel op shaft horsepower. This shaft power drives the inlet
conpressor and an electrical generator (or sone other |oad).

Two basic types of gas turbines have been used in | andfil
applications: sinple cycle and regenerative cycle. The gas
tenperatures fromthe power turbine range from430 to 600°C (800
to |,100°). The regenerative cycle gas turbine is essentially a
sinple cycle gas turbine with an added heat exchanger. Thernma
energy is recovered fromthe hot exhaust gases and used to
preheat the conpressed air. Since less fuel is required to heat
the conpressed air to the turbine inlet tenperature, the
regenerative cycle inproves the overall efficiency of the gas
t ur bi ne(®,

Based on field tests and informati on provi ded by
manuf acturers, these turbines are capable of achieving greater
than 98 percent destruction of NMOC,

Applicability. The applicability of gas turbines depends on
the quantity of LFG generated, the availability of custoners, the
price of electricity, and environnmental issues. There are about
20 landfills in the U S. which enploy gas-fired turbine®,

Advant ages of using gas turbines are:

° Gas turbines have | ower emnm ssions of NOx, CO and PM
than conparatively sized of conbustion engines;
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° Gas turbines are less sensitive to fluctuations in
influent Btu gas than are internal conbustion engines;

° Using a dual oil and oil filter system shutdowns for
m nor mai ntenance are | ess frequent;

° No gas condensate is forned in the process;

° Gas turbines are nore nmechanically reliable since they
have fewer noving parts, no reciprocating noving parts,
no val ves, cans, belts, radiators, water cooling and
ignition system (other than for starting); and

° Because there is no lube oil in the exhaust, air

em ssions are |less than wth internal conbustion

engi nes. Excess conbustion air and high tenperatures
acconpl i sh conpl ete conbusti on of carbon nonoxi de and
resi dual hydrocarbons.

Di sadvant ages of using gas turbine engines are:

° Q&M costs increase dramatically if the engine is used
only intermttently (i.e., for peak power use);

° Tur bi ne bl ades are sensitive to foreign particles in
the gas and air streans;

° O | deposits on blades can cause units to becone
unbal anced; and

° They require inlet conpression of the fuel feed and air
bet ween 160 and 200 psig, thus ancillary conpressor
equi pnent i s required.

A schematic of an LFG to steam generation plant is presented
in Figure A-5.

3.2.2.2 Internal Conbustion (I.C ) Engines
Process Description. Reciprocating internal conbustion
engi nes produce shaft power by confining a conbustible m xture
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in a small volunme between the head of a piston and its
surroundi ng cylinder, causing this mxture to burn, and all ow ng
the resulting high pressure products of conbustion gas to push
the piston. Power is converted fromlinear to rotary form by
means of a crankshaft (¥,

The maj or problemw th use of conbustion engines for these
applications is selection of the fuel gas conpressor. Matching
the gas conpressor to the avail able gas and engi ne requirenents
is one of the major difficulties in the design of the conpleted
gas-to-energy project. Mny projects select the gas conpressor
by trial and error.

Applicability. I.C engines are being used for landfill off-
gas control because of their short construction tinme, ease of
installation, and operating capability over a wi de range of
speeds and loads. |1.C engines fueled by LFG are available in
capacities ranging from approxi mately 500 KWup to well over
3,000 KW

Advant ages of using |I.C. engines are:

° short construction tine;
° can achi eve 98 percent reduction of NMOC,
° NQ, emi ssions fromthese engines are | ower than

conpar abl e natural gas fired engines;

° comonl y used technol ogy;
° wi de range of availability; and
° efficient at full load and partial |oad.

Di sadvant ages of using |I.C engines are:
° the fuel gas conpressor to match the I.C engines;

A schematic of an LFGI.C generation plant is presented in
Fi gure A-6.
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3.2.2.3 Boiler or Steam Generator

Process Description. The mgjority of industrial boilers are
of water tube design. In a water tube boiler, hot conbustion
gases contact the outside of heat transfer tubes which contain
hot water and steam These tubes are interconnected by a set of
druns that collect and store the heated water and steam The
wat er tubes are of relatively small dianeter, 5 cm (2 inches),
providing rapid heat transfer, rapid response to steam denmands,
and relatively high thermal efficiency. Energy transfer
ef ficiency can be above 85 percent. Additional energy can be
recovered fromthe flue gas by preheating conbustion air in an
air preheater or by preheating incomng boiler feed water in an
economi zer unit®,

The majority of LFGfired boilers are industrial boilers
with correspondi ng heat inputs of approximately 10.5 x 10° Btu/ hr
(350 scfmat 50 percent CH,) to 90 x 10° Btu/hr (3,000 scfm at
50percent CH,). The nost recent power generation technology to
utilize LFGis the steam generator using the Rankine Cycle. The
LFGis burned in a boiler to produce superheated steam The
steam drives a steamturbine generator for power production. The
benefit of Rankine Cycle power production fromthe conbustion of
LFGis the | ow heat rate of 10,000 Btu/KW This is the |owest
rate and highest efficiency of all of the LFGfired power
generation systens to date. In addition, the Rankine Cycle has
been denonstrated to be one of the lowest emtters of NQ and ROG
of any LFG fired equipnent.

Applicability. LFGfired boilers may be utilized in two
ways. The LFG may be routed to an on-site boiler or piped and
sold to an off-site boiler to supply heat or hot water. The LFG
may al so be routed to an on-site boiler to generate steamto
produce electricity.

Advant ages of using LFGfired boilers are:
° | ow NQ, em ssi ons,

° smal | physical size, and
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o | ow O&M cost .
D sadvant ages of using LFGfired boilers are:

high initial capital investnent,

hi gh fuel pressure required,

inefficient at partial |oad, and

| arge anobunt of condensate in the process.

3.2.2.4 LEG Purification Techni ques

The LFG has a typical conposition of 40 to 60 percent CH,,
40 to 50 percent C0,, 1 to 2 percent of air and inert gases and
other inpurities such as hal ogenated hydrocarbons, volatile
sol vents, organic sul fur conmpounds and H,S. It is critical to
al nost all LFG end-usages that the CH, products be clean and not
contain the inpurities.

Purification techniques to upgrade the LFGto a high Btu
val ue may include the foll ow ngs:

° removal of inpurities,

° renmoval of CO0,,

° renoval of water, and

° gas conpression to pipeline pressure.

| npurities renoval techniques may include the use of
adsorption, absorption or nenbranes to process raw LFG to
pi peline quality natural gas. Al purification techniques
i nvol ve renoval of water before renoving C0,. The water is
removed by either absorption with glycol or adsorption with
silica gel, alumna, or nolecular sieves. The NMOC renoval
met hod depends on the different CO, renoval techni ques chosen and
the conposition of the LFG Usually the sanme techni ques used for
CO, renoval are also used to renove NMOC by sinply adding an
extra adsorption, absorption, or condensation step.

In general, the selection of a recovery techni que depends on
the gas generation rate, the |ocation of the plant, the
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availability of a market for the recovered energy, and the
envi ronnent al i npacts.
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